Abstract. Previous studies have produced contradictory results with regard to the role of osteopontin (OPN) and caveolin-1 in the pathology of osteoarthritis (OA). Thus, the aim of the present study was to investigate the correlation between OPN and caveolin-1 in the pathogenesis and progression of OA. Cartilage tissue samples were obtained from 50 individuals, of which 40 had been diagnosed with OA and 10 were normal healthy individuals. The samples were ascribed to four groups, namely the normal, minor, moderate and severe groups, on the basis of the improved Mankin grading system. Immunohistochemistry was applied to analyse the expression of OPN and caveolin-1. OPN and caveolin-1 were detected in the tissues of all four groups. The mutual comparisons of OPN expression levels among the groups revealed statistically significant differences (P<0.05). In addition, the mutual comparisons of caveolin-1 expression levels among the four groups demonstrated statistically significant differences (P<0.05), with the exception of that between the moderate and severe groups (P>0.05). Improved Mankin grading system scores were shown to correlate with the average grey level of OPN expression in each group (r=-0.824, P<0.01) and the average grey level of caveolin-1 expression (r=0.725, P<0.01). Furthermore, a statistically significant negative correlation was observed between the average grey levels of OPN and caveolin-1 expression (r=-0.676, P<0.05). Therefore, the results of the present study indicated that the correlation between OPN and caveolin-1 may play a significant role in the pathogenesis and progression of OA.
Introduction
Osteoarthritis (OA) is a highly prevalent joint disease, which is mainly characterised by the degradation of articular cartilage, thickening of subchondral bone, synovial inflammation and the formation of osteophytes (1) . Data from the World Health Organisation ascertains that worldwide, ~10% of men and 18% of women, as well as ~65% of all those aged >60 years, have symptomatic OA (2) . Despite the high prevalence of OA, the aetiology and pathology of OA have not yet been fully elucidated. The development and progression of OA are mediated by multiple factors, including genetics, epigenetics, biochemistry and mechanics (3) (4) (5) . Several lines of research have demonstrated that a disturbance in the balance of anabolic and catabolic factors, which maintain the homeostasis of cartilage, plays a vital role in OA (6) . Understanding the specific role of each factor is important for the treatment of OA, and is also vital for creating effective therapeutic interventions targeting the development and progression of OA. Since numerous molecular events occur in OA chondrocytes during hyaline cartilage degeneration, several studies have been conducted to investigate the role of osteopontin (OPN) and caveolin-1 in OA (7, 8) .
OPN is an acidic phosphorylated matrix protein secreted by numerous cell types, such as osteoclasts, macrophages, lymphocytes and epithelial cells (9) . OPN is present in the extracellular matrix (ECM) of mineralised tissues and the extracellular fluids at sites of inflammation (10) . Previous studies have demonstrated that OPN plays a significant role in cell adhesion, migration and metastasis (11, 12) . In the last decade, the vast majority of research has indicated that the mRNA expression levels of OPN in OA cartilage and synovium fluid are clearly higher compared with normal cartilage, and that the expression levels of OPN protein and OPN mRNA are positively associated with the severity of the disease (13) (14) (15) . By contrast, a previous study reported that an OPN deficiency resulted in aging-associated and instability-induced OA in OPN-deficient mice, suggesting that OPN may defer the pathogenesis in OA (16) . These observations strongly indicate that OPN has complex roles in joint homeostasis and in the pathogenesis of OA by modulating multiple targets of cells in the joint; however, the role of OPN in OA remains poorly understood.
Caveolin-1, the major structural component of caveolae, is a small flask-shaped plasma membrane invagination (17, 18) .
The protein has been proposed to function as a scaffolding protein, mediating numerous physiological and pathological processes, including caveolae biogenesis, vesicular transport, cholesterol homeostasis, signal transduction and tumourigenesis (19, 20) . Previously, the expression of caveolin-1 was analysed in normal and OA human knee joint cartilage (21) . Caveolin-1 has been reported to play a role in the pathogenesis of OA through the involvement of caveolin-1-induced downregulation of articular chondrocytes (22) .
Previous observations have revealed that caveolin-1 is associated with β 1 -integrin in human chondrocytes, indicating that caveolin-1 and β 1 -integrin are part of the same complex (21) . β 1 -integrin plays a direct role in the adhesion between the cell and the ECM, in which OPN is involved through binding to the OPN receptor (23) . Since β 1 -integrin mediates the role of OPN and colocalises with caveolin-1, the expression of caveolin-1 was hypothesised to correlate with OPN expression through the signalling pathway in which β 1 -integrin mediates OPN. Therefore, to investigate the hypothesis, the expression levels of OPN and caveolin-1 in different degrees of impaired cartilage samples from human subjects with OA were determined, and the correlation between OPN and caveolin-1 was analysed. The aim of the present study was to provide a more comprehensive understanding of OPN and caveolin-1 in OA.
Materials and methods
Patients and cartilage samples. A total of 40 patients (age, 52-71 years) with primary knee OA and 10 normal healthy individuals were enrolled in the study. Patients with OA were considered eligible if the clinical and radiological data met the criteria of the American College of Rheumatology (24) and were carefully reviewed to exclude any forms of secondary OA or other inflammatory joint diseases, including rheumatoid arthritis and any other types of arthritis. All patients provided informed consent, and this study was approved by the ethics committee of Xiangya Hospital, Central South University (Changsha, China). In total, 40 osteoarthritic cartilage samples were collected from the 40 patients with primary OA undergoing a total knee arthroplasty. The normal samples were obtained from the knees of 10 post-mortem donors (age, 32-41 years), with no history of joint pain. Full ethical consent was obtained from all the donors and families. Osteoarthritic changes were classified histomorphologically using the Mankin grading system (25) as follows: Mankin score 0, normal cartilage with a smooth surface and a regular zonal distribution of chondrocytes; Mankin score 1-4, cartilage surface shows fibrillations and a superficial loss of proteoglycans (safranin-O staining), but the zonal structure is intact; Mankin score 5-8, cartilage samples have clefts reaching down to the middle cartilage zone, and clusters of proliferating chondrocytes are present; Mankin score ≥9, severely affected cartilage samples with clefts reaching down to the deep zone, in which the tangential zone is lost and chondrocyte clusters are present. Of the patients included in the study, 9 samples were classified as Mankin score 0, 10 samples were determined to be Mankin score 1-4, 15 samples were classified as Mankin score 5-8 and 13 samples were classified with a Mankin score of ≥9. Biopsies (cartilage/bone samples) were obtained from the lateral and medial sides of the tibia plateau, including the loading zone.
Cartilage/bone samples (1.0 cm thick) with a cartilage surface of ~2.0x0.5 cm were incubated in freshly prepared 4% (w/v) paraformaldehyde, buffered with 0.01 M sodium phosphate (pH 7.4) containing 0.14 M NaCl (phosphate-buffered saline; PBS), for 12 h at 4˚C. The tissue samples were decalcified in diethylpyrocarbonate-treated 0.2 M EDTA (pH 8.0) for 8 weeks at 4˚C. The buffer was changed twice a week. The tissue specimens were subsequently dehydrated in a grading concentration of ethanol and xylene, and finally embedded in paraffin.
Immunohistochemistry. OPN protein and caveolin-1 expression levels were examined by immunohistochemistry using an OPN antibody (ab8488; Abcam, Cambridge, UK) and caveolin-1 antibody (clone N-20; Santa Cruz Biotechnology, Inc., Wembley, UK), respectively, according to the manufacturer's instructions. Following deparaffinisation with xylene and rehydration through a series of graded ethanol solutions, the sections were treated with 3% hydrogen peroxide for 10 min and then microwaved in 10 mM citrate buffer (pH 6.0) to unmask the epitopes. Subsequently, the sections were incubated with the OPN antibody at a dilution of 1:150 for 1 h. After washing, a horseradish peroxidase/Fab polymer conjugate (PicTure™-Plus kit; Zymed Life Technologies, Carlsbad, CA, USA) was applied to the sections for 30 min. Finally, the sections were incubated with diaminobenzidine for 5 min to develop the signals. A negative control was simultaneously prepared by omitting the primary antibody. The sections were assessed by a pathologist who was blind to the clinical data. To evaluate the expression of OPN, the sections were examined under an Olympus microscope (magnification, x100; Olympus Corporation, Tokyo, Japan). Positive OPN immunostaining was defined as detectable immunoreactivity in the perinuclear or other cytoplasmic regions in the chondrocytes. The relative OPN distribution in the cartilage tissue was visualised and quantified as average grey values. Semi-quantitative assessment of the mean average grey values for OPN expression was performed on scanned autoradiograms using medical image analysis software (MIAS)-4400 and Image J software. Grey-scale images were captured and converted to absorbance units, and a region from the cartilage surface to the cartilage-bone junction was analysed. Densities were normalised against those with PBS, and the experiment was repeated three times. To reduce the error arising from the small variation in section thickness, a total of three sections per sample were measured and averaged. Therefore, the final data, applied in all analyses, consisted of the mean value of three independent measurements representing the average levels of OPN in the articular cartilage. The coefficient of variation of OPN expression in the articular cartilage was <2%. The aforementioned procedure was conducted in the same manner to assess caveolin-1 expression.
Statistical analysis. Static grey analysis from the MIAS was applied to measure the average grey values in 10 randomly selected regions of the OPN and caveolin-1 immunohistochemical slices. SPSS software for Windows (version 19.0; IBM SPSS, Armonk, NY, USA) was used for data management and statistical analysis. One way analysis of variance was employed to examine the differences in the mean values between multiple groups. In addition, Spearman's correlation and linear regression were conducted to determine the correlations between the average grey values for OPN and caveolin-1 in the articular cartilage and the Mankin score of OA. Results are presented as the mean ± standard error of the mean. P<0.05 was considered to indicate a statistically significant difference.
Results
Mankin scoring system in each group. A total of 50 biopsies, which were obtained from 40 patients and 10 normal individuals, were ascribed respectively to four groups (normal, minor, moderate and severe), according to the Mankin grading system. Three biopsies were excluded due to unsuccessful cutting from the cartilage and a failure in the procedure of immunohistochemistry. Ultimately, 47 samples were analysed. Grouping of the cartilage tissue samples according to the Mankin scoring system are shown in Table I .
Enhanced expression of OPN protein in OA cartilage tissues.
OPN expression levels in the various degrees of impaired cartilage tissues were compared, as shown in Fig. 1 . OPN, which is located in the ECM, was shown to be expressed in the normal and OA groups. The severe group exhibited a higher OPN expression level compared with the moderate, minor and normal groups (average grey value, 97.98±12.46 vs. 114.14±10.85, 125.33±8.02 and 140.06±12.17, respectively; Table Ⅱ) . A low grey value indicates higher expression levels. The mutual comparisons between these groups revealed statistically significant differences (P<0.05). Thus, the results indicated that expression of the OPN protein was strongly increased in the impaired cartilage.
Decreased expression of caveolin-1 protein in OA cartilage tissues. To investigate the function of caveolin-1 in OA, the expression levels in the various degrees of impaired cartilage tissues were compared (Fig. 2) . Caveolin-1 was shown to be expressed in the normal and OA groups. However, the severe group exhibited lower caveolin-1 expression levels compared with the moderate, minor and normal groups (average grey value, 140.10±15.29 vs. 131.72±19.32, 112.00±23.73 and 85.90±15.11, respectively; Table Ⅱ ). The mutual comparisons between these groups were demonstrated to be statistically significant (P<0.05), with the exception of that between the moderate and severe groups (P>0.05).
Correlations between OPN, caveolin-1 and Mankin scoring.
To investigate the correlation between OPN and caveolin-1 in OA, SPSS software was applied to assess the average grey value for each protein and the Mankin scoring. Correlations between the average grey value of OPN and caveolin-1 with the Mankin scoring are shown in Fig. 3 . For the correlation between the average grey value of OPN and the Mankin scoring, Pearson's correlation coefficient was determined to be r=-0.824 (P<0.01). In addition, Pearson's correlation coefficient for the correlation between the average grey value of caveolin-1 and the Mankin scoring was r= 0.725 (P<0.01). 
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Furthermore, the correlation between the average grey values of OPN and caveolin-1 was determined to have a Pearson's correlation coefficient of r=-0.676 (P<0.01).
Discussion
As an ECM protein, OPN plays a significant role in the process of cell adhesion, migration and metastasis (9) . OPN is expressed by various cells and tissues, such as the kidney, placenta, neoplastic cells, lining epithelial cells, islet cells and activated T cells; however, the main source of OPN is bone cells, including chondrocytes and osteoclasts. The present study demonstrated that OPN plays a crucial role in the progression of mineralisation and absorption of bone matrix. A previous study reported that OPN may function as an inhibitor involved in the molecular pathogenesis of OA, contributing to the progressive degeneration of articular cartilage (26) , whereas an additional study drew the opposite conclusion (27) . However, these two studies did not investigate OPN overexpression. In the present study, OPN expression was observed in the normal and OA groups. However, the severe OA group were shown to have higher OPN expression levels compared with the moderate, minor and normal groups. Based on this observation, a statistically significant difference was observed in the expression of OPN between OA and normal cartilage, and the articular cartilage OPN expression was shown to correlate with the severity level of cartilage dysfunction. Thus, the results indicated that OPN may play a role in the pathology and progression of OA as a destructive factor. In addition to participating in the formation of caveolae, caveolin-1 is known to directly interact with multiple signalling proteins via its scaffolding domain in order to regulate their activity. These proteins include important regulators of cell transformation and growth (28). Previously, caveolin-1 expression was demonstrated in normal human knee joint cartilage by immunohistochemical analysis (21) . The current findings also detected caveolin-1 expression in the normal cartilage, as well as in the different pathological levels of OA cartilage, with a lower expression of caveolin-1 being accompanied by a higher regression of cartilage. Therefore, the results of the present study demonstrated that caveolin-1 may be involved in the degradation of articular cartilage in OA, which differs from previous results that hypothesised that caveolin-1 played a role in the pathogenesis of OA through the promotion of chondrocyte downregulation. Further research is required in order to elucidate the exact role of caveolin-1 in OA.
Signal transduction is the major function of caveolin-1. Previous studies have demonstrated that caveolin-1 and β 1 -integrin are part of the same complex in human chondrocytes (29, 30) . Integrin, which is one of the transmembrane glycoproteins, is located throughout the cell membrane. Integrins interact with a variety of cellular adhesive molecules and are regarded as a family of adhesion molecules. As the main receptor of the ECM, integrin induces the adhesion process of the cell. Schwab et al (21) detected the colocalisation between caveolin-1 and β 1 -integrin using double staining methods and immune electron microscopy in human samples of knee articular cartilage, and drew the conclusion that β 1 -integrin had a close association with the three subtypes of caveolin, which may be different parts of the same complex. Based on these observations, all the caveolin subtypes were hypothesised to be indirectly involved in processes of the cell and ECM through participating in the signalling pathway induced by β 1 -integrins in chondrocytes. OPN induces adhesion between the cell and ECM by binding to the OPN receptor, and β 1 -integrin may directly play a role in this process.
In the present study, a correlation was observed between cartilage OPN expression and the severity level of cartilage dysfunction; however, caveolin-1 expression was shown to exhibit the opposite trend. In addition, the correlation between OPN and caveolin-1 expression was statistically significant, indicating that caveolin-1 may correlate with OPN through the signalling pathway in which β 1 -integrin mediates OPN.
However, the present study had several limitations. Firstly, the sample size was not sufficiently large to arrive at any definitive conclusions. Secondly, the true pathogenesis of OA may not be fully reflected when representing the progression of OA with the articular cartilage degeneration degree.
In conclusion, the correlation between OPN and caveolin-1 may play a substantial role in the pathogenesis and progression of OA. However, further research is required to elucidate the contribution of OPN and caveolin-1 to the pathogenesis of the degenerative process of OA.
